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ABSTRACT

One hundred and thirty three references to published
work pertaining to transparent armor for use in the vision
ports of Army ground vehicles or in aircraft enclosures
are listed under ten categories, as follows: state of the
art; glass; plastics; glass-plastic; single crystal
ceramics; dynamic pioperties of polymers; fiber optics;
vision blocks; military specificatious, handbooks and
drawings; bibliographies.
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OBJECTIVE

To survey the literature on transparent armor and to
prepare a bibliography of those publications which best
describe important achkievements of past years,; the current
state of the art and the most promising approaches to the
development of minimum weight armor having an optimum
balance between optical clarity and resistance to projzctiles.
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BACKGROUND

The combat effeciivemess of Arwy land and air borne
vehicles is largely dependent upon the ability of the
crews to perforr the wisual observations required by their
nissions, without unduwe danger from enemy gun fire. Any
material which provides both the required visibility and
the ballistic pretection is termed 'transparent armor'.

Army needs for transparent armor are liargely limited
to twoe types of applications, the enclosures of aircraft
and the vision ports of ground vehicles, Enclosures ar:
canopies, windows or windshields while vision ports are
best exemplified by the glass blocks in the cupuvlas of
armored vehicles. Apother class of 1tem usually associated
with transparent armor is the sighting device, such as the
periscope, telescope or range finder. Here, of course,
empbasis is placed on the need for unimpaired vision, with
ballistic protection as a secondary requirement,

Transparent armor, combining osptimum visibility and
resistance to projectile peneiration. has been an exceedingly
difficult item to develop, largely because of the .nherent
incompatibility of these properties in available materials.
Until shortly after World War 11, transparent armcr usually
consisted of "safety" or “bullet proof" glass, two or more
panels of glass laminated with a thin. flexible plastic
interlayer. Although glass has the best optical properties
of all known materials, it is brittle and has little ten~
dency to defeat projectiles unless it is used ip thick-
nesses so large that vision is impaired and the weight ann
volume of the armor become unacceptable.

The post war era brcught forth a proliferaticn of new .
commercially available plastics and elastowmers, seweral
with good- optical clarity and some with excellent resistarre
to impact and projectile renetration. A large amount of
research was inittrated to make use of these rew polymers
in glass-plastic composite armor or ip all-plastic lamin-
ated armor. The use of the vew. iranspaient rubbers as
interlayers was alsc invest igared. These efforts are cox-
tinuing today and significant reductions in the weighr of
"bullet proof'" glass have been achieved withoutr less of
ballistic protection,

The influx of plastics and rubbers inte a field hevra.-
tofore served prixarilv by glass. stimulated a large eff -
by major glass marufactiurers *o improve tneir product,
Stronger, higher moduli glassss with improved clarity and
better resistance to aging rave reswlted, Fiber optics
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may be of valvwe here., This research effort is also con-
tinuing.

In about 1963, the U, S. Army Natick Laboratories,
in conjunction with the Army Materials Research Agency
{now the Army Materials and Mechanlics Kesearch Center),
initiated efforts with iondustry toward the development
of single crystal ceramics. Details of this work are
classified but the '"synthetic sapphire™ holds much prom-
ise for the future of lightweight transparent armor.

The many polymers synthesized in recent years have
prompted the developwent of new analytical tools and tech~
niques for determining their properties. A vast amount
of research involving these analytical methods is cur-
rently in progress to investigate the photoelastic prop-
erties of polymers, to conduct dynamic stress analyses on
polymers as a function of their structure. A more funda-
mental understanding of these properties and responses of
materials is necessary to insure continued advances in
the development of lightweight, transparent armor.

This survey was prepared for use by the Army designer
of transparent armor, with the hojie that by examining ju~-
dicious selections from the referenced reports and papers,
he might become familiar with the state of the art and
with the anticipated develupments of the future, thereby
increasing his capability to provide the Army with the
best transparent armor available.

Future Efforts by the Army Weapons Command (AWC)

Bearing in mind that AWC's primary interest in {rams-
parent armor lies with wvision blocks and fire control
sighting devices. three apprmackesr appear to be applicatie
to the future improvement of these items, namely, the
improvement of the alli-pelymeric {plastic or plastic-
rubber) armor; *he development ¢of single crystal ceramic
armor and the use of fibexr optins,

Although plastic armor a3% &lready been developed with
improved ballistic profection wver that obizipable with the
same weight aud thickness of safety glass, much work remains
to be done. New, commercinlily avajlable rubbers and plas-
tics need to be evaluyated az sz’ i-spall materials and us
interlavers; impreved resisiavce (o aging, discoloraticm.
and scratching is needed in tbs polymeric composite armor
improved resistrance 1o iempera’ure extremes is required
apd composite armor made of xmavwerlals baviong like co-
efficiconts of t{hermal expanssion is required. Program




funding in these areas of endeavor should be considered
by AWC,

Single crystal ceramics are currently under develop-
ment through the joint efforts of the Army Natick Labora-
tories, the Army Materials and Mechanics Research Center
and private industry. This work should be monitored
closely by AWC in order that the knowledge required to
use these ceramic materials in armor might be available
at such time as they become economically competitive
with more conventjozal materials. The cost of fabri-
cating the single crystal zaterials is exorbitant at this
time.

The techriques of fiber optics need t¢ be investiga-
ted, especially in relation to sighting devices. Fiber
optics may provide novel methods of obtaining external
visibility from the interior of armored vehicle. Funding
of programs in this area is recommended,

Sources for the Bibliography

No bibliography on transparent armor was known ¢ the
author at the onset of this survey. Accordingly., & "Report
Bibliography on Transparept Armoxr' was requested frox the
Defense Documentation Center (DDC). Thirty seven of the
fifty military reports abstracted in the DPC bibliography
were applicable to transparent armor and were obtained
from DDC. Many of these reports cortaired references to
other reports, books and published articles, ircluding &
few bibliographies on armor. These were obtained wheneve:
possible or the veferences were listed when applicable.

No open literature was surveyed because the majority of
publications on transparent armor are classified. Mr., A,
Alesi of the Natick Labonrstories and Mr., G. Parsons of
Army Materials and Mechanics Research Center were bLeipful
in furnishing references t& military reports.
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progran.,

"N Labs Report on Armor Materials Research” (U), UG. S,
Army Natick Laboratories, April 1964, Confidential, AD350785.

g "A Review of Vision Devices for Combat Vehicles” (U},
‘ D. W, Rees, U, S, Army Tank Automotive Center, Technical
Report No, 8889, 4 June 1265, Confidential, AD368875.

"State-of-the-Art Study or Armor Materials Applicable
to Modular Construction™ (U), J. F. Shea, et al, Battelle
Memorial Institute, October 1965, Secret, AD36690Q,

"Proceedings of the Second Symposium on Lightweignt
Armor Materials'" (U), Held at Pittsburgh, Pennsylvania,
5~-6 May 1966, Army Materials Research Agency, Monograph
Series, MS 66-07, Vol I, October 1966, Secret,

"Transparent Armor Materials Technology™ (U), ¥. S,
Army Natick Laboratories and U. S. Army Materials Research
Agency, 4BI-88 (Special), 14 June 1967, Secret.

"presentation on Armor Materials for Protection Agzsinst
Small Arms Ammunition' {U), Presented at the Armor axi Armor
Penetration Conference, Frankford Arsenal, 2%2-23 Augusy .967,
Secret.

"Light Armor Materials' (U)., Technical Information Report,
AMC Contrel (S), 9968~67, October 1V67, Secret.
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Studies which are predomisatly copcerped with the use
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Chem. 31, 290, 1939.
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"Temperature Depen lence of the Plastic Moduli and
Internal Frigtion of Si.ica and Glass'", J. W. Marx and
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"A Method of Reducing Behind the Armor Damage Resulting
from a Shaped Charge Perforation” The Ordnance Coryps Shaped
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Canoplies"”, WADC Technical Report 57-768, November 1937.
AD142345.

"Glass Engipeering Handbook' ., E. B, Shand, MoGraw H1 1Y
Publishing Corporation, 1958,

"Ballistic Evaluation Tests of Heat Tempered Lamicated
Glass™ (L), D, T, Gray, U, S. Haval Wezpons Labocatory,
29 June 1960, Confidential, AD315953.
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"Research in High Temperature Window Design", ASD
Technical Report 61~356, June 1962.

"Properties of Glasses at Elevated Temperatures',
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"Development of Reinforced Trarsparent Armor (Aircraft
Armor)" (U), Contract No. DA19-129-AMC-358{N), Tllinois
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'"Ballistic Evaluation of Some Exploratory Trancparesnt
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"Transparent Armor'" (U}, Contract No., DA~36~034~AMC-
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Armor Systems® (U), Comntracy No. DA-19-129-AMC-435(N),
Corning Glass Works for 4. S. Army Natick Laborator ‘e¢s.
August 1965, Ccnfidentizl.
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Plastics

Inclwue2d here are references te the use of plasrics in
armor ., eisier as the prediminant material or ac the iitey-
layer fo: glass armor.

"t Formation and Eptargement of a Circular Hole tn %

Thin Piastic Sheet", G, F. Taylor, Quarterly J. Merch. »~d
Applis/. Maih i, 103 1948,
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"The Work to Create Fracture Surfaces in Polymethyl
Metbacrylate'”, M, Bowmap and H. L. Smith, Paper presented

at the New York Meeting of the Am. Phys. Soc. on February
2, 1952,

"Gunfire Tests on Transparent Panels'", C. J., Cardona,
June 1953, WADC Technical Report 53-375. AD38143.

"Estimations of Ballistic Penetration of a Soft
Projectile into Massive Plastic', F. T. Rogers, Technical

Note 1l1-54-P4 of Dept. of Physics, Univ. of South Carolina.
1954,

"The Investigation of Multiaxially Stretched Acrylic
Plastic", J. Gouza. and D. A, Hurst, Watertown Arsenal
Technical Report 54-~-6i9, 1954.

"The Formation of a Conical Crater in a Thin Plastic
Sheet', W. T. Thomson, J. Applied Mech. 22, 175, 1935,

"Resistance to Shattering by Guufire of Transparent
Laminated Materials for Aircraft Glazing"”, E., M, Pertruska.
WADC Technical Report 56-133, August 1956, AD97191,

"Ballistic Properties of Plastic Laminates and Alumiaum
Alloy" (U), Wright Air Development Center Report 56-484,
Part I, 1956, Confidential.

"Developuert of Personnel Armor™, National Bureaw of
Standards Report Nc. 4671, 1956,

"Silicone Interlayer Material Program", Contract No,
AF33(600)..271823, Dow Corning Corporation for Wright Air
Development Center. .July 1957, WADC Technical Report £7-213,
AD130887,

"Some Ballistic Properties of CR-~39 Plates"”, E. §,
Emerson, Presentation given at Quartermaster Research and
Eagineering Center Symposium, Sept 19 1957, Natick, Mass.

"Composite Personnel Armor”, A, L. Alesi, Quarfermaster
Research and Engineering Command, Report CP-5, December 957,

"Silicone Interlaver Program™, Part II Contract No.
AF33(600)-34984. Dow Corning Corporation for Wrighbt A.r
Development Center, August 1958, WADC Technical Report

" 57-213, AD155803,

"Ballistic Test of Plastic Vision Blocks™ {1}, Aherdeen
Proving Ground Report No., DPS/CTAC-R/L, W, T. Pibil, April
1959, Confidential. AD306591,
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'"Development of a Structural Organic Bonded Edge
Attachment for fnner Panels of Double Glazed Windshield
and Canopy Uaits"., J. W, Mahoney. North American Aviation.
Inc., Report 60~-352, March 1960,

"A Method of Suppressing Small Fragments" {(U), Ballistic
Research Laboratories Memorandum Report No., 1370, S. Kronman,
September 1961. Confidential, AD327219.

"The Resistance of Various Non-~Metallic Materials to
Perforation by Steel Fragments; Empirical Relestionships for
Fragment Residual Velocity and Residual Weight" (U),.
Contract No. DA~36~034~ORD-29RD The Johns Hopkins University
for Ballistic Research Laboratories, Technical Report N=,
51, April 1963. Confidential. AD336461.

"Current Technology of Light Armor Materials for U, S.
Army Aircraft (U3. U, S. Army Materials Research Agency
Monograph Series, AMRA MS 63-03. E. N, Hegge and M, F,
Medeiros, May 1963, Confidential, AD354270,

"Engineer Design Test of Plexiglas Il Trapnsparent
Plastic (Ballistic Evaluation)" (U). Aberdeen Preging Ground
Report DPS-=959, R. J. Vancaneghem. June 1963, Confidential.
AD337090.

"Reduction of Army Aircraft Vulnerabilitv'" (i), Bal-~
listic Research Laboratories Memorandum Report My, 1496,
p. 39, J. J., Dailey, et al, August 1963 Confidential.
AD345047 .

"Ballistic Technology of Lizhtwefight Armor Materiaulz"
(U), U, S. Army Materials Research Agency Monograph Sariss.
AMRA MS 64-0GY. F. S. Masclanica, September 1964. Cor fidean: ial,
AD354074 .

"Proceedings of Symposiiim on Lightweight Armar Marer gals"”
(U}, U. S. Army Materials Research Agency Moncgraph Series
AMRA MS 65-01, March 1965. Secret.

"Ceramic Composite Armors’™ (U), U, S, Armv Materials
Research Agency AMRA TR 65-13, June 1965. Secret,

"Study of Dvoami. Birefringence and Strain Produce-
Transparent Polymers by Mec<hanical lmpact". A, F, Wild-
et al, U. 5, Army Natick Lsboratories, rfebruary 1986
AD630913,




i "Feasibility of Armor Materials as Basic Alrcraft
Structure’, Contract No., DA-44-177-AMC-189(T), North
American Avistion, Inc. for Y. S. Army Aviation Materiel
Laboratories. Report 66-~5, March 1966, AD631467.

"Development of Reinforced Transpareat Armor (Aircraft
Armor, Transparent, Reinforced)" (U), Contract No. DAl9-
129-AMC-358¢(N), Illircis Institute of Technolegy Research
Institute for U. S, Army Natick Laboratories, April 1966,
Confidential, AD374215.
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"Ballistic Behavior of Ceramic Composite Armor" {(U),
U. S. Army Materials Research Agency, C. W. Semple, 11 June
1966, Secret, AD374334.

"Proceedings of the Second Symposium on Lightweight
Armor Materials" (U), Held at Pittsburgh, Pennsylvania,
5-6 May 1966, Army Materials Research Agency Monograph
Series, MS 66~07, Vol II, Octocber 1966, Secret, AD378973.

"Study of Hot Stretcaing of Transparent Plastics",
Contract No. DA19-129-AMC-844(N). Lowell Technological
Institute Research Foundation for U. S. Army Natick
Laboratories, November 1967.

Glass-Plastic

Studies which deal with both glass and plastic as
individual armor materials, c¢r which deal with the use of
both materials in composite structure, are refersenced here.
: “"Temperature Limitations oi Polymeric haisriais”,
Royal Aircraft Establishment Technical Note No. CPM 53,
April 1964, Clearinghouse for Federal Scientific¢ and
Technical Jnformation Accession N67-22782,

"Proceecdings of Symposium on Lightweight Armor Materials"
(U), U, S. Army Materials Research Agency, MS 65-~01, March
1965. Secret.

"Transparent Materials for Aerospace Enclosures', Air
Force Materials Laboratory Conference, Dayton, Ohio, 5-10
December 1964, AFML T:chnical Report 65-212, September 1965,
AD473543.

3 "Transparent Composite Armor Materizls for Alrcraft

) Applications" (U), Contract No. DA-04-495-AMC-328(2),
Asrojet~General Corporation for U. 8, Army Natick Labora-
tories, Technical Report 67-6-CM {Final Report), July 1966,
Confidential, AD376983.
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"Information for Selection of Lightweight Armor Ma-
terials for Aircraft" (U), Contract No. AF33{(615)~3331,
Goodyear Aerospace Corporation for Alr Force Materials
Laboratory, September 1966, Secret, AD376262.

"Development of Transparent Armeocs System for Aircraft”
(U), Contract No. DA~19-129-AMC-742(N), Swedlow, Inc. for
U.S. Army Natick Laborateries, Technical Report 67-44-CM,
December 1966, Coafidential, AD380442,

"The Effect of Nylon Glass Arrangements in Defense
Against Shaped Charge Ammunition'" (U), Ballistic Research
Laboratories Shaped Charge Research Report No. 3-57, July
1957, Confidential.

"Transparent Materials for Aircraft Enclosures, WADC
University of Dayton Joint Conference’’, Wright Air Develop-
ment Center TR§7-421., October 1957, AD142021.

"Transparent Ceramic Composite Armor' Patent Appli-
cation submitted by ¥. S. Army Materials Research Agency.
AMC Docket Nr. 3476,

Single Crystal Ceramics

These reports cover the recently developed “syunthetis
sapphires'". Other discussions on this subject may be found
in the state of the art reports.

"Ceramic Compousite Armors'" (U), C. W. Semple, U, S.
Army Materials Research Agency Technical Report 65-26,
October 1965, Secret.,

"A Comparison of rthe Impact Behavior ian Composites of
Single Crystal and Pglycrvstzlline Ceramics" (U}, A. L.
Alesi, M. I, Kliman and G. R, Themas, ¥, S. Army Nat.ck
Laboratories, 1l June 1966. Secret, AD374336.

Dynamic Properties of Palvmers

Studies which relate 1ne structure oi pulvmer:z 1o their
ability to resist fragture are rveferenced here.

o3

"Fraceure and Comminpurioo of Brittle Solids '
Poncelet, Metals Techomolog: 11. 1, 1944,

"Theory of Orizentariuw and Double Refracticre in Polswers”
E. F. Gurnee, J. Appl. Phys, 25 1232. 1954
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"The Photoelastic Properties of Short-Chain Molecular
Networks'", L. R. 2. Treloar, Trans. Far. Soc. 50, 881,
1954, "“

"A Photoelastic Study of Dynamic Stresses in Structures",
M. M. Frocht and P. . Flynn, Contract No. NOy-28149,
I1linois Institute «f Technology for U, &, Navy, 1954.

"Propagation of Elastic Impact in Beams in Bending',
M. Goland, J. Appl. Mech., March 1955.

"Studies in Dynamics Photoelasticity', M. M, Frocht
and P. D, Flynn, J. Appl. Mech. 23, 116, 1956.

"Application of High-Speed Photography to Dynanmic
Stress Analysis", D. G. Christie, From the book "Photo-
graphie et Cinematographie Ultra-Rapides', Dunod, Paris,
1956.

"The Study of the Propagation of Stress Waves by
Photoelasticity", J. C. Feder et al, Proc. SESA, 14, 109,
1956,

"Applicability of Dynamic Photoelastic Analysis to
the Study of Impact Phenomena™, E. S. Emerson, Preseuntaticn
given at Quartermaster Research and Engineering Center
Symposium, Sept 16, 1957, Natick, Mass.

"Dynamic Photoelasticity by Mears of Streak Photography”,
M, M, Frocht, P. D. Fiynn and D, landsberg, Proc. SESA 14,
No. 2, 81, 1957.
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Polyursthans Bublrs: Pare urt

Polyester Polyurethanes" (U), B. L. Hollingsworth and

W. H, G, Wright Explosives Research and Developrent wstablish-
ment, Waltham Abbey, England, 29 June 1960, Confidential AD
139020,

Further Polyocters and

| i %7}

"Investigation of the Energy Absorption Characteristics
of New Polymeric Materials" (U), E, S. Emerson and W. Shurcliff
Polarcid Corporation, 29 June 1960, Cenfidential, ADiISR763,

“Study of Dynamic Birefringeunce and Strain Produced lo
Transparent Polymers by Mecbhanical Impact", A. F. Wilde,
et al, U, S. Army Natick Laboratories, Tech. Report 656-6CH,
February 1966,

"Study of Fracture as Related to Polymer Structura™,
Contract DAAG 17 -67-C~0133, Illinois Institute of Tenhunolagy
for U. S. Army Natick Laboratories, Decemter 1967,




Fiber O s

The relatively new fleld of fiber optics, the trans-
mittal of light along "bundles" or fibers of glass, is
covered in this bibliography because of the poteniial use-
fulness of this technique in sighting devices and perhaps
even in vision ports,

"Fiber Optics", N. S. Kapany, Scientific American,
November 1960,

"Ceramic Fiber Optics" (U), Contract DA-44-099.-eng-
5015, Horizons Inc., Final Report, November 1964, Conflidential
AD377466 .

"Fiber Optics Environmental Test'", Contract No. DA~36-
038-0RD-21165M, Nortronics, Final Report, March 1965 AD815381.

"Continuous Facsimile Scanner Employing Fiber Optics™,
Contract DA~-28-043-AMC~-00164(E). Illinois Institute of
Technology Research Institute, March 1967, AD6493185,

"Fiber Optics with Extended Ultraviclet Transmission™.
Contract DAABO7-67-C~0542, Illincis Institute of Technolog:
Research Institute, Triannual Reporti No. 1, Febcuary 1968
AD665410.

Vision Blocks

The end use of iransparent armor of most intersst to
the Army Weapons Command is that of the vigion blogcks “n e
cupula of tracked vebicles. Recause of this interesy. th:

topic is referenced geparately,

N

"Determinatien of Relative Resistance to Ballisrie
Attack of Old Deteriorated vision Blocks as Comparea with
New Vision B.ilocks for Commander's Cupola'™, Aberdeen
Proving Grouad Report No., AD-1155.

"A Technological Survey of Vision Block Matgrials
Design™. Contract No., DA-20-018-23389. Aercfah Lompery.
Inc. for U, S, Army Tank Automoiive Center. Orinhs- 1252,
AD296270.

"The Dynamics of Terminal Ballistics {Bnlilistic kil
ation Procecdures for Armosed Grille Designsy''. (onirars
No. DA-23-072-0RD=1302, University «f Denver for {, S
Army Tank Automorive Center. Final Report. Febrwary 1962
AD328796.
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"Research to Cptimize the Ballistic Performance of
Armer Vision Blocks', Vol I, Contract No. DA~-23~072-ORD-~
1619; University of Denver for U, S. Army Tank Automotive
Cesnter, Final Report, November 1963, ADA29147.

"Research to Optimize the Ballistic Performance of
Armorad Vision Blocks Vol. II, Ballistic Testing and De-~
sign Phase" (U), Final Report, Contract No. DA-23-072-ORD-
1619, University of Denver, Denver Research Institute,

1 November 1963, Confideuntial, AD347155.

3 "Engineer Design Test of Tank, M60Al; Evaluation of
' Vision Block Configuration" (U), M. K. Spear, Aberdeen
Proving Ground Report No. DPS-2108, Auvgust 1966, Confiden-~
tial, AD375476.

"Initial Production Test of Miscellaneous Types of
Vision Blocks (Ballistic Evaluation)" (U), Firing Record
No. AR-27456, 9 January 1967, Aberdeen Proving Ground,
Confidential.

Military Specifications, Handbooks anu Drawings

MIL-G-174, 'Glass, Optical"

MIL-G-1366, ''Glass, Window, Aeraial Photographic'
MIL-1*-5425, '"Plastic, Sheet, Acrylic, Heat Resistant"
MIL-G=5485, "Glass; Laminated, Flat, Bullet-Resistant"

MI1L-D-=5813, 'Dome, Navigators Observing, Non-Prassurized
Aircraft, Type A-3A"

MIL-P-8184, "Plastic Sheet, Acrylic, Modified”
MIL-P-8257, 'Plastic Sheet, Thermosetting, Transparent”
MYL-A~-85876, '"Adhesive, Acrviic Base, For Acrylic Plastic"
MIL-G-8602, '"Glass, Laminated, Flat, Aircraft

: MIl-B~-11352, 'Block Vision: Bullet-Resistunt”
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MIL-C-18767, "Cleaning and Polishing Compound,
Transparent-Plastic Aircraft Materials”

MIL-G~25667, '"Glass, Monolithic, Aircraft Glazing"

MIL-P~25690, 'Plastic, Sheets and Parts, Modified
Acrylic Base, Monolithic, Crack Propagation Resistant”

MIL-G-25871, '"Glass, Laminated, Aircraft Glazing"

Army Ordnance Cocrps Drawing B6285382, '"Block.
Direct Vision®

Army Ordnance Corps Drawing C6300790, '"Block, Direct
Vision"

"Plastics for Flight Vehicles" MIL-HDBK-17, Part 11,
"Transparent Glazing Materials', August 1961

Bibliographies

The following bibliographies on arwor were discovered
during the course owi the literature survey. 'The few
references to tramnsparent armor which were found iv these
bibliographies bave beer listed under the applicable hezdings.

"Investigation of the Energy Absorption Characteristics
of New Polymeric Materials' (U), Final Report, Coatract Da

9 no 1 f o PR - - Lman Nos o o e PR st 2
1l~129=ng2-.-;- Dolzroid Cs 2CTa tisn foz Quartsrmas-or Bsgu

and Engineering Center, 31 December 1957, Confidential,
AD153763.

e h

e v
%
TS

"Materials Rriefs' Numher 9, p. 13, September 1966,
Air Force Materials Laboratory. AD489912.

"Current Status of Lightweight Armor Materiais" Ui,
Coutract Ne. SD-171, Battelle Memorial Institute for
Advanced Research Projects Agency, January 1967, Secret.
AD381956 .
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